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Advent of computer assisted surgery and its Application
in oral and maxillofacial surgery
Lobna Abdel Aziz Aly
Abstract: Computer-assisted surgery (CAS) represents a surgical concept
and set of methods, that use computer technology for surgical planning, and
for guiding or performing surgical interventions.
Advances in imaging techniques can greatly improve the treatment outcome
and enhance the success rate of surgical procedures. This review article
updates the information on surgical navigation system and its application in
maxillofacial surgery.
Keywords: computer assisted surgery, oral and maxillofacial applications
Introduction:
Advances in digital technologies have brought about profound changes
throughout dentistry. Ever more powerful systems offer undisputed
advantages, such as the economic use of resources, optimised quality
management and the enhanced processability of innovative materials,
resulting in computer-assisted procedures becoming firmly established to
ensure safe and reliable surgery.(1-3)
Surgical navigation hypothetically resembles the global positioning system
(GPS) used in automobiles and has three components: A localizer, which is
similar to the satellite in space, a surgical probe, which represents the track
waves emitted by the GPS in the vehicle and a computerized
tomography (CT) scan data set, which is analogous to a road map (Figure
1). Apart from CT scan, the data set can also use magnetic resonance
imaging and positron emission tomography (4). In conventional technique
the surgeon uses the pointer to establish correlation with pre-operative image
data and the surgical field , but it is difficult to orient the images, thus
augmented reality system was developed, which projects the images directly
on the surgical site and is based on monocular projection in the operating
microscope, headup displays, projection on to purpose built semitranslucent
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screens placed between the operating scene and the surgeon, or by projection
into the binocular optics of a tracked surgical microscope. There are several
types of surgical navigation systems available today (3,4).

Computer-assisted craniomaxillofacial surgery is based on four specific,
well-described phases, which are all necessary in order to achieve
predictable outcomes: planning, modeling, surgery, and evaluation.[5, 6]
With regard to the current economic climate in healthcare, potential
limitation of widespread incorporation of virtual surgical planning VSPCAD/CAM technology is its added cost and the resultant financial burdens
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that may be placed on the patient and medical system (7,8). Given the
economic healthcare constraints, the improved patient outcomes seen with
VSP-CAD/CAM have to be balanced against the cost of the technology
(9,10).

Applications of computer assissted surgery in oral and
maxillofacial surgery:
Computer-assisted surgery is the beginning of a revolution in surgery. It
already makes a great difference in high-precision surgical domains, but it is
also used in standard surgical procedures.
1. Computer guided impalnt surgery:
Digital implantology is one of the most imperative innovation drivers in
dentistry. Computer guided implant surgery is dependent on comprehensive
diagnostics and precise planning for the restorative outcome to be more
predictable regarding function, biology and aesthetics. Therefore, the
implant must be placed accurately according to the treatment plan. A
radiographic template in conjunction with cone-beam computed tomography
(CBCT) is considered a standard tool in dental implant diagnosis and
treatment planning.(11) Once proper planning is accomplished, the
radiographic template can be manually converted to a surgical template to be
used during implant placement surgery.
Computer-guided surgery uses computer-aided design and computer-aided
manufacturing (CAD/CAM) technology in conjunction with CBCT. With
this technique, implant planning is done digitally, and the relationship
between the implant position and radiographic template can be used to
fabricate a stereolithographic surgical template. (12,13) The precision guide
allows the clinician to place the implant in the planned position more
accurately than when using a non-CAD/CAM surgical guide. (14)
Digital implant planning requires three-dimensional radiograph data
(DICOM: digital imaging and communications in medicine) as well as STL
data (STL: standard tesselation language) from an intraoral scan or the scan
of a plaster cast (15,16) . This also means in effect that the procedure can be
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modified at any time to accommodate a specific implant system or the
corresponding software.

Using cone beam computed tomography, the patient and the existing
prosthesis are being scanned. Furthermore, the prosthesis alone is also
scanned. Glass pearls of defined diameter are placed in the prosthesis and
used as reference points for the upcoming planning. The resulting data is
processed and the position of the implants determined. The surgeon, using
special developed software, plans the implants based on prosthetic concepts
considering the anatomic morphology. After the planning of the surgical part
is completed, a CAD/CAM surgical guide for dental placement is
constructed. The mucosal-supported surgical splint ensures the exact
placement of the implants in the patient. Parallel to this step, the new
implant supported prosthesis is constructed.
The dental technician, using the data resulting from the previous scans,
manufactures a model representing the situation after the implant placement.
The prosthetic compounds, abutments, are already prefabricated. The length
and the inclination can be chosen. The abutments are connected to the model
at a position in consideration of the prosthetic situation. The exact position
of the abutments is registered. The dental technician can now manufacture
the prosthesis (16). (fig. 2, 3)

Figure 2: a) Various surgical templates created by means of the polyjet
technique (Smop; Swissmeda); b) the DLP technique (digital light processing;
SHERAdigital); c) and SLS technique (selective laser sintering; EOS); d) as
well as a subtractively manufactured (milled) surgical template. (Schubert et
al.2019)
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Figure 3: Surgical protocol for guided implantation (different patients): a)
Optimal seating of the surgical template; b) guided pilot drilling (Zimmer
Guided Surgery); c) guided implant site preparation (Straumann Guided
Surgery); d) and guided implant placement (Camlog Guide System).(
Schubert et al.2019)

Screen-Based Systems
Columbia scientific SIM/Plant software (Columbia scientific, USA)
This software helps the surgeon, in visualization of implants being inserted
surgically, through CT scan images. It also provides a 3 dimensional picture
of maxillofacial regions with accurate locations of vital structures and helps
in the measurement of quality of bone (17,18).
VISIT surgical navigation software (Vienna, Austria)
This software aids in simulation of dental implant positions during treatment
planning phase. Intraoperatively the drill is visualized by oblique
reformatting beside the drill part and the images are changed according to
the tracking system. VISIT is popularly used in placement of dental and
extraoral implants in maxillofacial region (19,20).
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2. Total joint reconstruction using computer-assisted surgery:
Ankylosis of the temporomandibular joint (TMJ) is a disabling condition in
mastication, speech, facial expression, pain, and oral hygiene, resulting in
compromise of patient’s quality of life [21, 22]. The objectives in the
treatment of TMJ ankylosis are to restore the masticatory function, improve
the facial esthetics and phonation, relieve the pain, and prevent the
reankylosis [23]. There are a variety of surgical options to manage the TMJ
ankylosis including gap arthroplasty, interpositional arthroplasty, and total
joint reconstruction [24]. Incase of recurrent bony ankylosis, gap
arthroplasty or interpositional arthroplasty has limitations to be applied due
to low success rate and highre apserate [25–27]. Total joint reconstruction
can be performed with autogenous graft or alloplastic prosthetic device.
Although costochondral Graft has been considered the ‘goldstandard’ for
TMJ reconstruction of growing patients [28, 29], its outcome is reported to
be unpredictable and of ten results in reankylosis of the TMJ [25, 27]. In this
point of view, total joint reconstruction with alloplastic prosthetic device can
be regarded as one of the reliable and effective surgical options for the endstage TMJ ankylosis [30, 31].
On the other hand, the custom-made TMJ prosthesis system only requires as
in gleoperation. Due to use of computer-aided design and computer-aided
manufacturing (CAD/CAM) –fabricated surgical guide and custom made
TMJ prosthesis, the precise operation can be performed with less time
consuming due to accurate match of the custom made TMJ prosthesis with
individual patient’s anatomy [32- 34]. Although it does not need as
tereolithographic model, the custom-made TMJ prosthesis system has some
disadvantages interms of high cost and difficulty in obtaining government
approval in some countries. Therefore, it is necessary to combine the
advantages of the two systems: low-cost and single operation with precise
outcome.We combined three-dimensional (3D) virtual surgical planning,
CAD/CAM-fabricated surgical guides, and stock TMJ prostheses for total
joint reconstruction (34) (fig. 4,5).
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Figure 4: Right (a) and left (b) side of surgical guides using computer-aided design and
computer-aided manufacturing. The upper part (blue) showed the location of upper margin for
resection of the root of the zygoma and the location of the fossa component of stock TMJ
prosthesis. The lower part (green) showed the location of lower margin for resection of the
ankylosed condyle and several drill holes for screw fixation of the condyle component of stock
TMJ prosthesis. (Rhee et al. 2019)

Figure 5: Intraoperative photographs taken at the right side. Placement of the surgical guide for
the fossa component (the most left) and the condyle component (the second most left), and
installation of the fossa component (the second most right) and the condyle component (the
most right) (Rhee et al. 2019)
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3. Accuracy of virtually 3D planned resection templates in
mandibular reconstruction
Cutting guides have been widely used in mandibular reconstruction surgery.
They are used to achieve resection at the preoperatively planned location
(fig.6). Cutting guides plays a crucial role to bone, preventing possible
recurrence.(35,36) The virtual planning aims to proper preoperative bending
of the reconstruction plate through mirroring of the normal side to create a
virtual model, which was printed to 3D model for preoperative plate
bending. Mirror imaging has been successfully used for mandibular
reconstruction by mirror the entire unaffected side to reconstruct a 3D model
or plate bending. (37-39) Then the locating holes guide are made to
accurately transfer the planned plate position from the model (during
preoperative planning) to the mandible (during surgical procedures), using
the screw holes as reference points. (40) The computer guided resection and
titanium plate reconstruction using locating holes and cutting results
regarding function and aesthetics.
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Figure 6 . Virtual surgical plan for computer-guided surgery: A, patient 1; B,
patient 2; C, patient 3; D, patient 4; E, patient 5; F, patient 8; G, patient 7; H,
patient 9; I, patient 6; and J, patient 10. Khatib et al. 2018.

4. Post traumatic reconstruction:
VSP-CAD/CAM has been utilized for reconstruction of traumatic facial
injuries, including comminuted mandible and panfacial fracture reduction
and repair. Three-dimensional modeling of craniomaxillofacial injuries
facilitates precise intraoperative reduction of displaced bone fragments,
while CAD/CAM produces occlusal splints that allow superior restoration of
facial symmetry, appearance, and function to those fitted intraopertively
(41).
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Additionally, implementation of VSP-CAD/CAM offers use of premanufactured cutting guides for improved accuracy and reduced trial-anderror when harvesting and shaping autologous implants, thus helping to
ensure optimal bone-to-bone contact and aesthetic outcome. Pre-bent
fixation plates decrease intraoperative time and limit the extent of
subperiosteal dissection, thus minimizing avascularization of bony
fragments (42). Utilization of VSP-CAD/CAM starting at initial presentation
of traumatic facial injury does not result in increased time to reconstruction
and has been shown to better preserve facial height and width (41, 42).
Owing to the development of computer technology, there are many
computer-assisted surgical techniques available to treat oral and
maxillofacial trauma. Surgical planning software and computer generated
stereolithographic (STL) models (43,44) (fig. 7) have already helped many
surgeons perform accurate preoperative simulations that provide ideal 3dimensional (3D) surgical simulation plans. However, before the use of
intraoperative navigation systems, favorable results were difficult to achieve,
because accurate translation of these computerbased surgical plans into realworld surgical outcomes is a major challenge. Intraoperative navigation
systems (45) delivered an effective solution to the problem
For ZMC fractures, the traditional reduction method, based entirely on the
surgeon’s experience and skills without any assisted methods such as guide
or preformed guide plates, cannot achieve a stable and accurate therapeutic
effect, which can result in secondary deformity and might require repeat
surgery (43,45); therefore, this method is rarely used. Use of preformed
patient-specific guide plates for osteotomy and repositioning might achieve
better accuracy than preoperative prediction alone, but might be relatively
more expensive.
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Figure 7: Design flow for the navigation group. A, A cylinder
marker was placed for 3-dimensional maxillofacial reconstruction and
zygomatic complex fracture segmentation (localization plan). B,
Simulated surgery was conducted according to the mirrored data (nonfractured side); the bone segments with the markers were moved; and the
bone segments were smoothly connected with the fixed bone segment to
form the target position of bone fracture reduction (reduction plan). C, D,
Real-time intraoperative navigation. The reduced zygomatic complex
navigation verification position was designed according to the
preoperative plan. Gong et al. 2017(44)
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5. Three-dimensional computer-assisted surgical simulation in
orthognathic surgery:
Orthognathic surgery emerged as a technical procedure to correct dentoskeletal deformities, correcting both esthetical and functional alterations,
which includes occlusal, respiratory and articular abnormalities.
Originally, maxillofacial surgeons simply perform osteotomies and fix the
bone segments into the desired position without any type of reference
apparatus. With the advent of model surgery, first proposed by Angle (46).
Okumura., et al. (47) were the first authors to publish the possibility
of use three-dimensional computed tomography in adjunct to scanned dental
cast for pre-orthognathic surgery planning and simultaneously permit
occlusal and morphological evaluation, specifically for bone interferences
and anatomical landmarks
Evolving on that aspect, Xia JJ., et al, publish a scope for what was
published after and consider the first step into the modern era of VSP
creating the CASS (computer-assisted surgical simulation) protocol,
particularized years later [48-50].

Conclusion:
Computer assissted surgery is a novel technology that holds potential to
consistently and predictably advance reconstructive outcomes, both
aesthetically and functionally. This technology is suited for use in spatially
complex reconstructive cases due to its ability to visualize and virtually
manipulate 3D configurations of the craniomaxillofacial skeleton. Its
applications are expanding for cases of varying levels of complexity that
require precise millimeter precision particularly in trauma, orthognathic
procedures and oncology to obtain optimized function and aesthetic
outcomes. VSP- CAD/CAM technology is attaining acceptance across the
multiple surgical disciplines and innovative solution in the management of
challenging head and neck reconstruction cases.
However the costs for the navigation systems are very high, and the time for
preparation for the surgery is longer in comparison with conventional
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technique. However, the navigation procedure gives more security,
particularly in complex cases and also may result in a better clinical outcome
for the patient. Further development of software programs may reduce the
preoperative planning time and time spent during the operation.
There are some aspects still under development, with promising results.
More studies are necessary regarding different manufacturing techniques,
materials and clinical randomized studies, specially related to mandibular
positioning.
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